Focal spontaneously occurring eosinophilic hypertrophic cells, histomorphologically resembling oncocytes and hepatocytes, were observed in the pancreas from 1 1 (0.3%) of4,177 Sprague-Dawley rats, 3 to 26 months old. The age of these eleven rats ranged from 13 to 25 months. The incidence was not dimerent between sexes. The altered cells were usually scen in the peri-insular area. Two types of foci, uniform and pleomorphic, were classified on the basis of uniformity of size of the altered cells within a focus. The origin and nature were not determined for the altered cells/foci reported in this study but they were not considered to be neoplastic.
INTRODUCTION
With the increasing number of rats used in toxicity and carcinogenicity studies in recent years, many common spontaneously occurring lesions in various organs and tissues have been reported. Among the frequently described lesions of the pancreas are atrophy, inflammation, and hyperplastic or neoplastic lesions of exocrine and endocrine tissues. A recent report (2) from this laboratory has shown that a distinct spontaneous lesion of pancreatic acinar cells, designated as hypertrophic focus, commonly occurs and increases significantly in frequency in aging Sprague-Dawley rats.
During histologic examination of the pancreas of the same strain of rats, we have also observed focal cellular alterations characterized by groups of large cells with eosinophilic cytoplasm. The histomorphologic appearance of these cells resembles oncocytes or hepatocytes. Similar cells in the pancreas have been reported in man (9), developing spontaneously (8, 10, 17) or induced experimentally (1 1, 12, 15, 16) in hamsters, and observed in chemicallytreated rats (1, 5, 7, 13) . However, no spontaneous occurrence of this alteration in the rat pancreas has been reported. The origin and nature of these cells remains uncertain. This report describes the spontaneous occurrence and histomorphology of focal eosinophilic hypertrophic cells of the pancreas in eleven Sprague-Dawley rats.
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METHODS
Eleven rats with focal eosinophilic hypertrophic cells in the pancreas were found while examining 4,177 male and female Sprague-Dawley [Crl: CDBBR] rats (Charles River Breeding Laboratories, Wilmington, MA or Kingston, NY), 3 weeks to 26 months old, used as untreated control or treated rats in the safety evaluation of chemicals. Rats of the same sex were housed individually or in groups of up to three in suspended stainless steel wire-mesh cages in light, humidity, and temperature controlled rooms. They were maintained on Purim@ Certified Rodent Chow #5001 or #5002 (Ralston Purim Company, St. Louis, MO) and tap water ad libittiin. Pancreatic tissues were fixed in either 10% formalin or Bouin's fluid and embedded in paraffin. Tissue sections were stained with hematoxylin and eosin. Pancreatic sections included one piece of the splenic segment from each rat and usually another one from the duodenal segment. No treatment-related histomorphologic changes in pancreas were noted in any treated groups. Statistical analysis was made using the one-tailed Fisher's exact test.
RESULTS
Eleven rats with focal eosinophilic hypertrophic cells in the pancreas were sporadically distributed throughout control and treated groups among studies. The occurrence showed no apparent sex-related prevalence and the incidence was about equally distributed between the control and treated rats ( Table  TABLE I I). These eleven rats ranged from 13 to 25 months old, but most were 25 months. No relationship between the size of the lesion and the age of the rat was found. In two rats serum glucose was measured on several occasions and was within normal limits.
The characteristic histomorphologic features of the lesion were focal alteration composed of cells which were slightly to markedly larger than the surrounding acinar or islet cells with smudgy, or finely to coarsely granulated eosinophilic cytoplasm and centrally located nuclei. Slightly basophilic coarse granules were also present in the cytoplasm of some altered cells. The cell membrane usually was not distinctive. The shape of the cells was pyramidal, cuboidal or polygonal. The nuclei had either clumpy, granular, reticular, or dense and hyperchromatic chromatin which resulted in a pyknotic appearance, and contained 1 to 4 nucleoli. Some cells had two nuclei. The altered cells were not arranged in any obvious pattern except in a few areas where they formed an acinus-like structure. In all but two rats, the altered cells were located in the peri-insular area. They formed a cluster, partially or completely encircling an islet, or were scattered in and around an islet and were intermingled with islet cells. Only one focus was observed in each rat, except for one rat which had five foci consisting entirely of the altered cells in a normal lobular pattern of pancreas.
Based on the uniformity of the size of the altered cells within a focus, two types of foci, uniform and pleomorphic, were identified. The uniform type was composed of small to medium size altered cells of similar size (Fig. 1 ). Four rats were of this uniform type. In one rat with this uniform focus type, the altered cells had clearer and less granular eosinophilic cytoplasm. In contrast, the size of the altered cells in the pleomorphic focus type vaned considerably, ranging from small to giant (Fig. 2) . The largest dimension of the altered cell and nucleus for the pleomorphic type was 58 pm and 14 pm, respectively, about four times larger than normal acinar cells. The larger cells usually had more cytoplasm and a larger nucleus. One rat in this group had relatively distinctive eosinophilic cytoplasmic granules ( Fig. 3) .
In addition to the histomorphologic features mentioned above, a striking feature, in eight ofthe eleven rats, was the cytoplasmic vacuoles of varying size and number present in the altered cells. This was most obvious in three rats of the pleomorphic type. Nearly all altered cells in these three rats contained vacuoles. Some of the vacuoles were extremely large ( Fig. 4) with the largest one being 55 pm at its greatest dimension. Due to the presence of large vacuoles occupying nearly the entire cytoplasm, nuclei were eccentrically situated and compressed ( Fig. 5 ). In two of these three rats, a few altered cells had dendnte-like cytoplasmic projections.
No other pancreatic lesions were present in six of the eleven rats, but the other five had some changes including ductal replacement, islet hyperplasia, fatty replacement, focal inflammation, or acinar cell hypertrophic focus. Cell degeneratiodnecrosis, inflammatory infiltrate, mitotic figures, and multinucleated cells were seen in the altered cell lobules in one rat which also had an adenoma and a hyperplastic nodule of acinar cells.
DISCUSSION
In this study, eleven rats among a total of 4,177 rats were found to have focal eosinophilic hypertrophic cells in their pancreas. The incidence of this change was about equally distributed between sexes and between control and treated groups. The occurrence of the lesion could not be attributed to any cause except age, since most of these lesions were found in 25-month-old rats. This may be partly due to a larger number of rats of this age in the study population. Nevertheless, this lesion has also been observed in aging hamsters (10, 17) , but no relation with age and clinical changes was observed in one report (8) . Although a frequent association of fatty replacement with this condition was observed (5, 17) , this lesion and others, i.e., ductal replacement, islet cell hyperplasia, and focal inflammation, observed in some of these rats, are common spontaneously occurring lesions in aging rats of this strain and are not believed to relate to the development of eosinophilic hypertrophic cells. Although all four rats with the uniform type of lesion were found in treated groups in the present study, this was interpreted as a chance finding. Thus, the development of the altered cells in this study is considered age associated and spontaneous with low incidence in this strain of rats. An attempt at special stains (periodic acid-Schiff, aldehyde fuchsin and phosphotungstic acid hematoxylin methods) was unsuccessful due to the absence of altered cells in the recut tissue sections from the selected blocks. The eosinophilic hypertrophic cells reported here resemble those of the pancreas which have been variably reported as oncocytes, eosinophilic or oxyphilic cells, or hepatocyte-like cells in man (9), in rats (5, 7, 13) and in hamsters (8, (10) (11) (12) (15) (16) (17) . Although several features observed here are similar to those reported previously, some have not been described. In this study, only a single focus was detected in all but one rat. No attempt was made to determine the number of foci per rat. While multiple foci of the altered cells were reported (9, l l , 13, 15, 16) , no indication was given as to whether the lesion was single or multiple in other reports (1 , 5, 8, 10, 17). One solitary focus of the altered cells was identified in a carcinogen-treated rat (7) .
The reported incidence of the altered cells is quite variable, ranging up to 11% for the spontaneously occurring ones (8, 10, 17) , and from less than 25%
(1 , 5, 7, 13) up to 100% (1 6) for the experimentallyinduced ones. In contrast to hamsters, all altered cells reported in rats were either expenmentally induced with lower frequency than that in hamsters or only observed in treated rats and not in untreated controls.
It is interesting to note that the lesions described previously in a report were of one type, either uniform or pleomorphic. The pleomorphic type has been described in only two reports, one in rats ( 5 ) and the other in hamsters (8) . All other reported lesions in rats (7, 13) and hamsters (10) (11) (12) (15) (16) (17) are of the uniform type; those in rats and in most hamsters (1 1, 12, 15, 16 ) are experimentally induced. An oncocytoma was reported in a rat (1) with no description or photomicrograph provided; a morphological comparison with the lesions described here is impossible.
One striking feature observed in the present study is that many of the altered cells in three rats contained extremely Iarge cytoplasmic vacuoles which occupied nearly the entire cytoplasm. No vacuoles of comparable size and extensive involvement have been shown previously. The lesions illustrated in two reports (5, 17) had large cytoplasmic vacuoles; other reports described the cytoplasm to be finely vacuolated (1 5,16). Cytoplasmic vacuoles have been observed occasionally in some acinar and islet cells in our rats but are much smaller than those seen in the altered cells. The nature of the cytoplasmic vacuoles observed in this study was not characterized but they appeared to be fat.
Oncocytes and the experimentally-induced hepatocyte-like cells have distinctive ultrastructural features. The former are characterized by cytoplasm densely packed with numerous mitochondria (4, 18) , while the latter have been demonstrated to be indistinguishable from hepatocytes both morphologically and biologically (1 1-1 3, 15, 16 ). Although the altered cells described in this report share a close histologic resemblance to oncocytes and hepatocytelike cells, it is not known whether they also have those ultrastructural features characteristic of these cells. Nevertheless, eosinophilic cytoplasmic granules of cells seen in the hematoxylin and eosinstained tissue sections can represent a variety of cytoplasmic constituents, such as lysosomes, mitochondria, glycogen, and secretory granules. Oncocytes have been observed in normal or neoplastic tissues in' a wide variety of epithelial organs other than pancreas, such as liver, kidneys, salivary glands, thyroid glands, parathyroid glands, and others. This has mainly been reported in human neoplasms but has been documented infrequently in animals.
Another interesting feature about this lesion is the location of the altered cells. Most cases observed in this study as well as in man (9) , rats (5, 13) and hamsters (8, 10, 11, 17) show that the altered cells are present in the periphery of the islets. In this study, in one of two rats the altered cells were not present in this location, probably due to the plane of section. In the second rat mentioned above, it was probably due to atrophy ofislet cells. A frequent presence of altered cells in this anatomic location suggests that there is a histogenetic relationship with the surrounding tissues, acinar or islet cells.
The origin of these altered cells has not been determined. It has been suggested that they could originate from acinar cells (5, 13, 15, 16) , islet cells (5, 8) , ductaVtubular epithelium (5, 9, 17) , intermediate cells (3, 13) or stem cells (14) by metaplasia (5, 10, 17) , transformation (3), transdifferentiation (7, 13, 16) , aging or functional exhaustion (6) . The altered cells have been shown to have staining reactions similar to a-cells ($8) and acinar cells (5). However, negative results on immunoperoxidase staining of insulin, glucagon, pancreatic polypeptide, gastrin, or neuron specific enolase have been reported (9) . Based on the results of recent experimental studies (1 1-13, 15, 16) it has been speculated that under certain conditions pancreatic acinar cells may convert to intermediate cells which in turn become hepatocytelike cells or hepatocytes (3, 14) .
In man, oncocytic nodules have been frequently seen in patients with islet cell tumors and hyperplasia (9) . No such relationship was noted in the present study. Association of the altered cells with increased a-cells in the affected islets has been observed in hamsters (8). None of the altered cells/ foci noted in this study were considered to be neoplastic.
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